

SEMICONDUCTOR APPARATUS FOR FINGERPRINT RECOGNITION 

/t 
A 

BACKGR OUND OF THK INVRNTTOn 
Field of thft Tnvftnl-ion 

The present invention relates to a semiconductor 
apparatus. More particularly, the present invention is 
concerned with a semiconductor apparatus for fingerprint 
recognition used as a capacitive mode fingerprint sensor. 

PescriPtion of tha Rela ted At-i- 

In recent years, the fingerprint matching system, 
which has conventionally been utilized in the 
applications of the administration of entrance and exit 
and the like, is being attracting attention as a security 
system for the computer network and a personal 
identification tool in a portable terminal or the like. 
Examples of fingerprint detecting methods using the 
fingerprint matching system include an optical detection 
method, and a capacitive sensing method disclosed in 
Japanese Patent Application Laid-Open Specification No. 
4-231803 , whose basic application is GB90H163 which is 
also a basic application of USP 5,325,442. 

The capacitive sensing method is one in which an 
electrostatic capacity value between the electrodes in 
the fingerprint sensor is detected, and has an advantage 
in that the apparatus employing the capacitive sensing 
method is easily down- sized, and therefore, this method 
is advantageously mounted on a portable terminal and the 
like. Thus, the development of the capacitive mode 
fingerprint sensor is energetically progressed. 

FIG. 4 is a diagrammatic cross -sectional view of a 



semiconductor device for fingerprint recognition, which 
constitutes the above-mentioned capacitive mode 
fingerprint sensor . 

On a substrate having formed thereon a semiconductor 
device constituting the sensor, such as a transistor or 
the like (see FIG, 5A described blow), a barrier metal 
comprised of titanium (Ti) or the like is formed. On the 
barrier metal, electrodes 52 comprised of, for example, 
aluminum' or the like are formed so that they are arranged 
in a matrix form and connected to the above-mentioned 
semiconductor device* Further, pad electrodes 52a are 
formed simultaneously with conducting the step of forming 
the electrodes 52. 

An insulating protecting film 53 is formed so as to 
cover both of the electrodes 52 and the pad electrodes 

52a, and an opening portion is formed in each of the pad 

1 • 

electrodes 52a. Thus, a fingerprint recognition 
semiconductor chip 51 using, as a fingerprint -recognizing 
surface, a region in which the electrodes 52 are arranged 
in a matrix form is formed. 

The pad electrodes 52a formed in the fingerprint 
recognition semiconductor chip 51 and the lead 55 are 
connected to each other by a wire bonding 54. 

While exposing the fingerprint -recognizing surface 
(upper surface) of the fingerprint recognition 
semiconductor chip 51 to the outside, the wire bonding 54 
which connects the fingerprint recognition semiconductor 
chip 51 and the lead 55 is encapsulated by a mold resin 
56 comprised of, for example, a thermosetting resin or 
the like. 

Next, an explanation is made on the principle of the 



operation of the semiconductor device for fingerprint 
recognition. 

FIG. 5A is an enlarged, cross -sectional view of the 
portion of the electrodes (corresponding to reference 
numeral 52 in FIG. 4) which are formed in the 
semiconductor chip (corresponding to reference numeral 51 
in FIG. 4) of the semiconductor device for fingerprint 
recognition so that they are arranged in a matrix form. 

On a substrate 10 having formed thereon a 
semiconductor device constituting the sensor, such as a 
transistor (not shown) or the like, a barrier metal 20 
comprised of Ti or the like is formed. On the barrier 
metal 20, charge storage electrodes 21 comprised of, for 
example, aliaminum or the like are formed so that they are 
arranged in a matrix form and connected to the above- 
mentioned (not shown) semiconductor device on the 
substrate. An insulating protecting film 30 is formed so 
as to cover the charge storage electrodes 21. 

As shown in FIG. 5A, when a finger 7 is in contact 
with the fingerprint -recognizing surface of the 
semiconductor apparatus for fingerprint recognition, a 
capacitor is formed between the charge storage electrodes 
21, the insulating protecting film 30 and the finger 7. 
The insulating protecting film 30 functions as a part of 
the capacitor insulating film. In the construction 
mentioned above, the distance d (for example, di, 6,2) 
between the charge storage electrodes 21 and the finger 7 
varies depending on fingerprint unevenness 70. 
Accordingly, a difference in capacity is caused between 
the capacitors which constitute the fingerprint sensor 
and which are formed to be arranged in a matrix form, and 



thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconductor 
device formed on the substrate 10, such as a transistor 
or the like, making it possible to recognize a 
5 f ingerpr in t . 

In the above semiconductor apparatus, each of the 
charge storage electrodes 21 constitutes a unit cell of 
the fingerprint -recognizing surface of the semiconductor 
f3 apparatus for fingerprint recognition. 

10 In a state such that the finger is not in contact 

H with the fingerprint -recognizing surface, the capacitors 

Ifi constituted by the charge storage electrodes 21 and the 

like have a "d" value which is infinite (oo) in all of 
the unit cells of the fingerprint -recognizing surface of 
15 the semiconductor apparatus for fingerprint recognition. 
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Therefore, in all of the unit cells, the electrostatic 
capacity value Cs is zero _( 0 ) . 

On the other hand, in a state such that the finger 
is in contact with the fingerprint -recognizing surface, 

20 as shown in FIG, 5B, in the n-th unit cell, a capacitor 
having an electrostatic capacity value Cgn is formed 
between the charge storage electrodes 21, the insulating 
protecting film 30 and the finger 7 . The electrostatic 
capacity value Cg^ is represented by the formula: Cgn - 

25 8 • Eq * S/dn- In this formula, S is an area contributing to 
the capacitor of each electrode, d^ is a distance (for 
example, d^, d2) between the electrode of the n-th unit 
cell and the finger, and n is the number (n = 1, 2, .«) of 
the unit cell. 

30 In the construction for reading the electrostatic 

capacity value Cgn in each of the unit cells , the 
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capacitor formed between the charge storage electrode 21 
of each unit cell, the insulating protecting film 30 and 
the finger 7 is connected to one source -drain region of 
the transistor which is gate-controlled by, for example, 
5 a word line WL (WL^, WL2, -) , and another source-drain 
region is connected to a bit line BL (BLj, BL2, and 
further, a capacitor having an electrostatic capacity 
value CB is connected to the bit line BL. 

In the above construction, when a finger is in 

10 contact with the recognition surface in a state such that 
a potential V^c is applied to the bit line BL (V^c 
precharge), a potential change represented by the 
formula: AV^ = [C^^/ {CB + Cgn)! " is caused in the bit 
line BL, The potential change AV^ is detected in each of 

15 the unit cells, and the electrostatic capacity value C^^ 
per unit cell is calculated, so that the fingerprint 
recognition is conducted by image processing or the like. 

However, the conventional semiconductor device for 
fingerprint recognition mentioned above poses a problem 

20 in that, when a finger is in contact with the 

fingerprint-recognizing surface, the static electricity 
charged in the hximan body is discharged in the electrodes 
52 (21) and a large amount of a current flows through the 
electrodes 52 (21) into the detecting circuit formed on 

25 the same semiconductor substrate (see FIG. SB), so that 
the circuit is damaged and the function as the 
semiconductor apparatus for fingerprint recognition is 
lost . 

On the other hand, as mentioned above, the 
30 insulating protecting film 53 (30) for the surface of the 
semiconductor apparatus for fingerprint recognition 
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functions as a part of the capacitor insulating_film of 
the capacitor formed between the electrodes/^ 2 (21), the 

insulating protecting film 53 (30) and the finger 7.^ 

Therefore, a range within which the thickness of the 
insulating protecting film 53 (30) is increased and the 
material for the insulating protecting film 53 (30) is 
changed for the purpose of suppressing the damage of the 
circuit due to the discharge of static electricity is 
inevitably limited. 

fiTTMMARY OF THE IN VENTION 

In this situation, the present inventor has made 

extensive and intensive studies with a view toward 

solving the above-mentioned problems accompanying the 

prior art. As a result, it has unexpectedly been found 

that the semiconductor apparatus comprising: a substrate 

having a transistor; a first electrode formed on the 

substrate and connected to the transistor; a second 

electrode formed on the substrate and electrically 

separated from the first electrode; and an insulating 

film fojrmed on the substrate so as to cover the first 

electrode, wherein, when a plane of the insulating film 

which is not on a side of the substrate is taken as a 

first plane, a surface facing the first plane of the 

first electrode is taken as a first surface, and a 

surface facing the first plane of the second electrode is 

taken as a second surface, a distance between a surface 

c^-— — ~ ' ^ 

of the substrate and the second surface is larger than a 

distance between the surface of the substrate and the 

first surface is free from the above-mentioned problems 

accompanying the prior art semiconductor apparatus . 



Specifically, by virtue of having the above unique 
structure, the semiconductor apparatus of the present 
invention is advantageous in that, when a finger or any 
other material which is electrostatically charged is 
brought closer to the substrate, the static electricity 
is not discharged into the electrode but into the stati c- 
el^ctricity drawijn ^wiring and then drawn out of the 
semiconductor apparatus, so that the semiconductor 
devices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 
functions thereof. The present invention has been 
completed, based on the above novel finding. 

Accordingly, it is an object of the present 
invention to provide a semiconductor apparatus which is 
advantageous in that, when a finger or any other material 
which is electrostatically charged is brought closer to 
the substrate, the semiconductor devices, the circuits 
and the like which are connected to the electrode can be 
prevented from suffering a damage due to the static 
electricity and from losing the functions thereof. 

It is another object of the present invention to 
provide a semiconductor apparatus for fingerprint 
recognition which is advantageous in that, when a finger 
which is electrostatically charged is brought closer to 
the fingerprint -recognizing surface, the semiconductor 
devices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 
functions thereof . 



BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, features and 
advantages of the present invention will be apparent to 
those skilled in the art from the following description 
5 of the presently preferred exemplary embodiments of the 
invention taken in connection with the accompanying 
drawings , in which : 

FIG. 1 is a diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
%U 10 according to the first embodiment of the present 

•Ha 

1^ invention; 

FIG. 2 is a diagrammatic cross -sectional view of a 
\§ semiconductor apparatus for fingerprint recognition 

in 

1=1^ FIG. 3 is diagrammatic cross -sectional view of a 
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according to the second embodiment of the present 
15 invention; 




semiconductor apparatus for fingerprint recognition 
according to the third embodiment of the present 
invention; 

20^^^^^^ FIG. 4 is a diagrammatic cross -sectional view of one 
j-r exampl e of a conventional ^_semiconductor apparatus for 
fingerprint recognition; and 

FIGs . 5A and -SB are explanatory views of the 
principle of the operation of the fingerprint recognition. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinbelow, preferred embodiments of the 
semiconductor apparatus for fingerprint recognition of 
the present invention will be described in detail with 
30 reference to the drawings, but the embodiments should not 
be construed as limiting the scope of the present 
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invention . 

In the preferred embodiment, on a substrate 10 
having formed thereon a semiconductor device constituting 
a sensor, such as a transistor or the like, a barrier 
5 metal 20 comprised of Ti or a stacked film, such as a 
Ti/TiN/Ti film, is formed, as shown in FIG^/^5A^Further , 
as shown in FIG. 1, electrodes 2 comprised of, for 
example, aluminum or an aluminum alloy, such as aluminum 
silicide, are formed on the barrier metal 20 so that they 
'3 10 are arranged in a matrix form and connected to the above- 
mentioned semiconductor device (not shown) . Further, pad 
electrodes 2a are formed simultaneously with conducting 
the step of forming the electrodes 2. 

An insulating protecting film 3, such as a 
15 passivation film, is formed so as to cover both of the 
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1^ electrodes 2 and the pad electrodes 2a, and an opening 

13 



portion is formed in the upper surface of each of the pad 
electrodes 2a. Thus, a fingerprint recognition 
semiconductor chip 1 using, as a fingerprint-recognizing 
20 surface, a region in which the electrodes 2 are arranged 
in a matrix form is formed. 

The pad electrodes 2a formed in the fingerprint 
recognition semiconductor chip 1 and the lead 5 are 
connected to each other by a wire bonding 4 . 
25 While exposing the fingerprint-recognizing surface 

(upper surface) of the fingerprint recognition 
semiconductor chip 1 to the outside, the wire bonding 4 
which connects the fingerprint recognition semiconductor 
chip 1 and the lead 5 is encapsulated by a mold resin 6 
30 comprised of, for example, a thermosetting resin or the 
like. 
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Next, an explanation is made on the operation of the 
above-mentioned semiconductor device for fingerprint 
recognition. 

The principle of the operation of fingerprint 
recognition of the present invention is substantially the 
same as that of the prior art technique, and is explained 
with reference to FIGs . 5A^nd_5B . 

FIG. 5A is an enlarged, cross -sectional view of the 
portion of the charge storage electrodes 21 
(corresponding to numeral 2 in FIG. 1) in a matrix form 
of the semiconductor device for fingerprint recognition. 

On a substrate 10 having formed thereon a 
semiconductor device constituting a sensor, such as a 
transistor (not shown) or the like, a barrier metal 20 
comprised of Ti or the like is formed. On the barrier 
metal 20, charge storage electrodes 21 comprised of, for 
example, aluminum or the like are formed so that they are 
arranged in a matrix form and connected to the above- 
mentioned (not shown) semiconductor device on the 
substrate. An insulating protecting film 30, such as a 
passivation film, is formed so as to cover the charge 
storage electrodes 21. 

As shown in FIG. 5A, when a finger 7 is in contact 
with the fingerprint -recognizing surface of the 
semiconductor apparatus for fingerprint recognition, a 
capacitor is formed between the charge storage electrodes 
21, the insulating protecting film 30 and the finger 7. 
The insulating protecting film 30 functions as a part of 
the capacitor insulating film. In the construction 
mentioned above, the distance d (for example, d^, d2) 
between the charge storage electrodes 21 and the finger 7 
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varies depending on fingerprint unevenness 70. 
Accordingly, a difference in capacity is caused between 
the capacitors which constitute the fingerprint sensor 
and which are formed to be arranged in a matrix form, and 
thus, the charge stored in each of the charge storage 
electrodes 21 is read and detected by the semiconductor 
device formed on the substrate 10, such as a transistor 
or the like, making it possible to recognize a 
fingerprint . 



W 10 In the above semiconductor apparatus, each of the 

L^E, charge storage electrodes 21 constitutes a unit cell of 

the fingerprint -recognizing surface of the semiconductor 
device for fingerprint recognition. 

In a state such that the finger is not in contact 
15 with the fingerprint -recognizing surface, the capacitors 

M constituted by the charge storage electrodes 21 and the 

W 

p like have a d value which is infinite (oo) in all of the 

unit cells of the fingerprint-recognizing surface of the 
semiconductor apparatus for fingerprint recognition. 

20 Therefore, in all of the unit cells, the electrostatic 
capacity value Cs is zero (0). 

On the other hand, in a state such that the finger 
is in contact with the fingerprint -recognizing surface, 
as shown in FIG. 5B, in the n-th unit cell, a capacitor 

25 having an electrostatic capacity value Cgp is formed 

between the charge storage electrodes 21, the insulating 
protecting film 30 and the finger 7. The electrostatic 
capacity value Cgn is represented by the formula: Cgn = 
s • * S/djj. In this formula, S is an area contributing to 

30 the capacitor of each electrode, d^ is a distance (for 
example, d^, d2) between the electrode of the n-th unit 



11 



cell and the finger, and n is the number (n = 1, 2, of 
the unit cell. 

In the construction for reading the electrostatic 
capacity value Cgn each of the unit cells , the 
capacitor formed between the charge storage electrode 21 
of each unit cell, the insulating protecting film 30 and 
the finger 7 is connected to one source-drain region of 
the transistor which is gate-controlled by, for example, 
a word line WL (WL^, WL2, •..)* and another source-drain 
region is connected to a bit line BL (BL^, BL2r — ) , and 
further, a capacitor having an electrostatic capacity 
value CB is connected to the bit line BL. 

In the above construction, when a finger is in 
contact with the recognition surface in a state such that 
a potential V^c is applied to the bit line BL (V^c 
precharge), a potential change represented by the 
formula: AV^ = [Csn/(CB + Cgn)! * ^cc i® caused in the bit 
line BL. The potential change AV^ is detected in each of 
the unit cells, and the electrostatic capacity value Cg^ 
per unit cell is calculated, so that the fingerprint 
recognition is conducted by image processing or the like. 

With respect to the semiconductor apparatus for 
fingerprint recognition which is operated as mentioned 
above, the first embodiment of the present invention is 
described with reference to FIG. 1. 

FIG. 1 is a diagrammatic cross -sectional view of a 
semiconductor apparatus for fingerprint recognition 
according to the first embodiment of the present 
invention, which constitutes a capacitive mode 
fingerprint sensor. 

In the present embodiment, a wiring 301 for drawing 
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static electricity (hereinafter, frequently referred to 
as "static-electricity drawing wiring 301") having a 
thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the 
electrode 2 (so that the lower surfaces of the wiring 301 
and the electrode 2 are aligned In this example). The 
static-electricity drawing wiring 301 is formed 
^l ectrically inde pen dentl y, from the electrode 2 . 

An insulating protecting film 3, such as a 
passivation film, is formed so as to cover the electrodes 
2, the static-electricity drawing wiring 301 having a 
thickness larger than that of the electrode 2, and a pad 
electrodes 2a, and an opening portion is formed in the 
upper surface of the pad electrode 2a. Other portions in 
the present embodiment are the same as the corresponding 
portions in the prior art (FIG. 4 ) 

The semiconductor device for fingerprint recognition 
of the present embodiment can be produced by, for example, 
the following method. 

First, a semiconductor device, such as a transistor, 
which functions as a reading circuit, is formed on a 
semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
on the semiconductor substrate by a sputtering process so 

as to have a thickness of about 1.5 nm. 

Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as reactive ion 
etching (hereinafter, frequently referred to simply as 
"RIE"), so that a static-electricity drawing wiring 
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comprised of aluminum or the like is formed so as to be 
disposed between elect rodes which are formed by 
patterning in the subsequent step so that they are 
arranged in a matrix form. At the same time, at leas t 
5 one pad electrode is form ed in a form such that it is 
connected to the static-electricity draw ing wirin g^ 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so that it is connected to the above 
10 semiconductor device, and further, aluminum or an 

aluminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 

the resultant film becomes about 0.5 \im. 

Then, a resist film for the patterns of the above- 

15 mentioned static-electricity drawing wiring and at least 
one pad electrode, an el ectrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to 
etching, such as RIE, to thereby effect patterning so 

20 that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrodes 
and the pad electrodes for taking a signal out or the 

25 like are arranged in a matrix f orin. 

Next, an insulating film, such as a stacked film of 
silicon nitride or silicon oxide, is deposited by, for 
example, a chemical vapor deposition (hereinafter, 
referred to simply as "CVD") process so as to have a 

30 thickness of about 1 Mm, to thereby form an insulating 

protecting film 3. An opening portion through which the 
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pad electrode 2a is exposed to the outside is formed in 
the insulating protecting film 3 by patterning. Then, 
the resultant device is subjected to dicing treatment, to 
thereby form a fingerprint recognition semiconductor chip 
5 1. 

Subsequently, the pad electrode 2a and a lead 5 
which is subjected to silver electroplating treatment or 
the like are connected to each other by a wire bonding 4 
using, for example, a gold line or the like. 

10 Then, while exposing the fingerprint -recognizing 

surface of the fingerprint recognition semiconductor chip 
to the outside, the semiconductor chip 1 and the wire 
bonding 4 are encapsulated by an encapsulation mold resin 
6 comprised of, for example, a thermosetting resin. 

15 In the semiconductor apparatus for fingerprint 

recognition produced by the above production steps , the 
static-electricity drawin g wiring 301 having a thickness 
of about 2 \xia has . a^structure such that i- t^pr^t rudes from 
the^^ing erprijit- recognizing surface upwardly , as compared 

20 to the electrode 2 having a thickness of about 0.5 \jm. 
Therefore, when a finger or any other material which is 
electrostatically charged is brought closer to the 
fingerprint-recogn izing s urface, the^tatic electricity 
is not discharged into the electrode 2 but into the 

25 static-electricity drawing wiring 301 . Since the static- 
electricity drawing wiring 301 is dire ctly connected to 
^the_Ead_electrode 2a as mentioned above, the current 
discharged is directly drawn out of the semiconductor 
apparatus for fingerprint recognition through the pad 

30 electrode 2a and the wire bonding 4. Therefore, the 
semiconductor devices and the circuits which are 
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incorporated into the semiconductor device for 
fingerprint recognition suffer no damage. 

Especially in the semiconductor apparatus for 
fingerprint recognition which recognizes a fingerprint by 
reading the charge stored in the electrode 2, the 
fingerprint -recognizing surface is exposed to the outside 
without being encapsulated by a resin. Therefore, not 
only is the fingerprint-recognizing surface exposed to a 
danger of an external static electricity, but also a 
finger is inevitably directly in contact with the 
fingerprint -recognizing surface for achieving the 
function as a fingerprint recognition device. However, 
by employing in the fingerprint recognition device the 
structure foarmed by the above-mentioned production steps, 
the discharged current of the static electricity can be 
prevented from flowing into the internal circuit of the 
semiconductor apparatus for fingerprint recognition, thus 
making it possible to prevent a damage of the function of 
the device due to the static electricity. 

Next, the second embodiment of the present invention 
is described with reference to FIG. 2. 

The function as a semiconductor device for 
fingerprint, recognition of the second embodiment • is the 
same as that of the above-mentioned first embodiment, and 
therefore , only the wiring for drawing static electricity, 
which is a characteristic feature of the present 
invention, is described below. 

In the present embodiment, a wiring 401 for drawing 
static electricity (hereinafter, frequently referred to 
as "static-electricity drawing wiring 401") having a 
thickness larger than that of an electrode 2 is formed 
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along the line in the longitudinal direction of the 
electrode 2 (so that the lower surfaces of the wire 401 
and the electrode 2 are aligned in this example). The 
static-electricity drawing wiring 401 is formed 
electrically independently from the electrode 2 . 

An insulating protecting film 402, such as a 
passivation film, is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening 
portion is formed in the upper surface of the pad 
electrode 2a. In this instance, the thickness of the 
insulating protecting film 402, such as a passivation 
film, which is on the side of the upper surface of the 
electrode 2 is equivalent to the difference in thickness 
between the electrode 2 and the static-electricity 
drawing wiring 401 having a thickness larger than that of 
the electrode 2. That is, the upper surface of the 
Static-electricity drawing wiring 401 having a thickness 
larger than that of the electrode 2 is exposed to the 
outside through the surface of the insulating protecting 
film 402. Other portions in the present embodiment are 
the same as the corresponding portions in the first 
embodiment of the present invention (FIG. 1). 

The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced by, 
for example, the following method. 

First, a semiconductor device, such as a transistor, 
which functions as a reading circuit , is formed on a 
semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
on the semiconductor substrate by a sputtering process so 
as to have a thickness of about 1.5 |jim. 
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Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as RIE, so that a 
5 static-electricity drawing wiring comprised of aluminum 
or the like is formed so as to be disposed between 
electrodes which are formed by patterning in the 
subsequent step so that they are arranged in a matrix 
form. At the same time, at least one pad electrode is 
10 formed in a form such that it is connected to the static- 
electricity drawing wiring. 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so such that it is connected to the 
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|4 15 above semiconductor device, and further, aliiminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 

13 the resultant film becomes about 0.5 [xm. 

Then, a resist film for the patterns of the above- 
20 mentioned static -electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to- 
etching, such as RIE, to thereby effect patterning so 
25 that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static-electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode and 
the pad electrode for taking a signal out or the like are 
30 arranged in a matrix form. 

Next, an insulating film, such as a stacked film of 
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silicon nitride or silicon oxide, is deposited by, for 
example, a CVD process so as to have a thickness of about 

3 Jim, and the surface of the resultant insulating film is 
polished by a chemical mechanical polishing (hereinafter, 
5 referred to simply as "CMP") process until the above- 
mentioned static-electricity drawing wiring is exposed to 
the outside, to thereby form an insulating protecting 
film 402. Then, an opening portion through which the pad 
O electrode 2a is exposed to the outside is formed in the 

10 insulating protecting film 402 by patterning. The 
f"]* subsequent steps for production in the present embodiment 

in are the same as the corresponding steps in the first 

embodiment of the present invention. 
' In the semiconductor apparatus for fingerprint 

|# 15 recognition of the second embodiment., the static- 
I'^l electricity drawing wiring having a thickness of about 2 

Jim has a structure such that it protrudes from the 
fingerprint -recognizing surface upwardly, as compared to 

the electrode having a thickness of about 0.5 jxm, and, in 
20 addition, the static-electricity drawing wiring is 
exposed to the outside through the surface of the 
semiconductor apparatus for fingerprint recognition. 
Therefore, when a finger or any other material which is 
electrostatically charged is brought closer to the 
25 fingerprint-recognizing surface, the static electricity 

is not discharged into the electrode but into the static- 
electricity drawing wiring. (The effect of drawing 
static electricity in the second embodiment is larger 
than that in the first embodiment by a magnitude 
30 corresponding to the fact that the static-electricity 
drawing wiring is exposed to the outside through the 
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surface of the semiconductor apparatus for fingerprint 
recognition . ) 

Since the static-electricity drawing wiring 401 is 
directly connected to the pad electrode 2a as mentioned 
above, the current discharged is directly drawn out of 
the semiconductor apparatus for fingerprint recognition 
through the pad electrode 2a and the wire bonding 4 . 
Therefore, the semiconductor devices and the circuits 
which are incorporated into the semiconductor apparatus 
for fingerprint recognition suffer no damage. 

Further, from the viewpoint of facilitating the 
recognition of a fingerprint, it is desired that a finger 
is_jji a gr ound potential. When a finger is in contact 
with the fingerprint -recognizing surface of the 
semiconductor apparatus for fingerprint recognition, the 
finger is also in contact with the static-electricity 
drawing wiring at the same time. Therefore, by making 
the static-electricity drawing wiring b e in a ground 
potential, it is possible to surely render the finger be 
in a ground potential. 

Next, the third embodiment of the present invention 
is described with reference to FIG. 3. 

The function as a semiconductor apparatus for 
fingerprint recognition of the third embodiment is the 
same as that of the above-mentioned first embodiment, and 
therefore, only the wiring for drawing static electricity, 
which is a characteristic feature of the present 
invention, is described below. 

In the present embodiment, a wiring 501 for drawing 
static electricity (hereinafter, frequently referred to 
as "static-electricity drawing wiring 501") having a 
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thickness larger than that of an electrode 2 is formed 
along the line in the longitudinal direction of the 
electrode 2 (so that the lower surfaces of the wiring 501 
and the electrode 2 are aligned in this example) . The 
static- electricity drawing wiring 501 is formed 
electrically independently from the electrode 2. 

An insulating protecting film 502, such as a 
passivation film, is formed so as to cover both of the 
electrode 2 and a pad electrode 2a, and an opening 
portion is formed in the upper surface of the pad 
electrode 2a. In the present embodiment, the upper 
portion of the static -electricity drawing wiring 501 
having a thickness larger than that of the electrode ^ 
protrudes_from„the, surf ace~of -J^ protecting 
film 502. Other portions in the present embodiment are 
the same as the corresponding portions in the second 
embodiment of the pre^nt invention (FIG. 2). 

The semiconductor apparatus for fingerprint 
recognition of the present embodiment can be produced by, 
for example, the following method. 

First, a semiconductor device, such as a transistor, 
which functions as a reading circuit, is formed on a 
semiconductor substrate, and then, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
on the semiconductor substrate by a sputtering process so 

as to have a thickness of about 1.5 |am. 

Then, a resist film for the patterns of a static- 
electricity drawing wiring and at least one pad electrode 
is formed by patterning by means of a photolithography 
process, and subjected to etching, such as RIE, so that a 
static-electricity drawing wiring comprised of aluminum 
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or the like is formed so as to be disposed between 
electrodes which are formed by patterning in the 
subsequent step so that they are arranged in a matrix 
form. At the same time, at least one pad electrode is 
formed in a form such that it is connected to the static- 
electricity drawing wiring. 

Next, a Ti layer or a stacked film, such as a 
Ti/TiN/Ti film, is deposited by, for example, a 
sputtering process so such that it is connected to the 
above semiconductor device, and further, aluminum or an 
aluminum alloy, such as aluminum silicide, is deposited 
by a sputtering process so that the total thickness of 

the resultant film becomes about 0.5 \xm. 

Then, a resist film for the patterns of the above- 
mentioned static-electricity drawing wiring and at least 
one pad electrode, an electrode, and a pad electrode for 
taking a signal out or the like is formed by patterning 
by means of a photolithography process, and subjected to 
etching, such as RIE, to thereby effect patterning so 
that a stacked film comprised of a barrier metal layer, 
such as a Ti layer, aluminum and the like is left on the 
static -electricity drawing wiring and at least one pad 
electrode, and on the remaining region, the electrode and 
the pad electrode for taking a signal out or the like are 
arranged in a matrix form. 

Next, an insulating film, such as a stacked film of 
silicon nitride or silicon oxide, is deposited by, for 
example, a CVD process so as to have a thickness of about 

3 \m, and the surface of the resultant insulating film is 
polished by a CMP process until the above-mentioned 
static-electricity drawing wiring is exposed to the 
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outside, to thereby form an insulating protecting film 
502. Then, an opening portion through which the pad 
electrode 2a is exposed to the outside is formed in the 
insulating protecting film 502 by patterning. The steps 
up to now in the present embodiment are the same as the 
corresponding steps in the second embodiment of the 
present invention . 

Then, the upper surface of the insulating protecting 
film 502 is thoroughly subjected to etching by, for 

example, an RIE technique so that the about 0.5 ^xm- thick 
insulating protecting film from the upper surface thereof 
is etched. Thus, the thickness of the resultant 
insulating protecting film is smaller than that of the 
insulating protecting film shown in FIG. 2 by about 0.5 

^un, and therefore, the upper portion of the static- 
electricity drawing wiring 501 protrudes from the 

insulating protecting film 502 by about 0.5 ^m which 
corresponds to the thickness of the etched film. The 
subsequent steps for production in the present embodiment 
are the same as the corresponding steps in the first 
embodiment of the present invention. 

The semiconductor apparatus for fingerprint 
recognition of the third embodiment has a structure such 
that the static -electricity drawing wiring 501 is_exp_osed 
t o the out side and protrudes upwardly 
fingerprint -recognizing surface. Therefore, when a 
finger or any other material which is electrostatically 
charged is brought closer to the fingerprint -recognizing 
surface, the static electricity is not discharged into 
the electrode 2 but surely into the static-electricity 
drawing wiring 501. Thus, the static electricity 
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discharged does not cause the semiconductor devices and 
the circuits which are incorporated into the 
semiconductor apparatus for fingerprint recognition to be 
damaged. 

Further, as mentioned above, the semiconductor 
apparatus for fingerprint recognition has a structure 
such that the static-electricity drawing wiring 501 is 
exposed to the outside and protrudes upwardly from the 
fingerprint -recognizing surface. Therefore, by making 
the static -electricity drawing wiring be in a ground 
potential, a finger in contact with the fingerprint- 
recognizing surface is surely in contact with the static- 
electricity drawing wiring and made be in a ground 
potential, thus rendering it possible to stably and 
surely perform the fingerprint recognition. 

By virtue of having a unique structure such that the 
static-electricity dxawing wiring protrudes upwardly from 
the electrode_^ji-_the__substrate , the semiconductor 
apparatus of the present invention is advantageous in 
that, when a finger or any other material which is 
electrostatically charged is brought closer to the 
substrate, the static electricity is not discharged into 
the electrode but into the static -electricity drawing 
wiring and then drawn out of the semiconductor apparatus, 
so that the semiconductor devices, the circuits and the 
like which are connected to the electrode can be 
prevented from suffering a damage due to the static 
electricity and from losing the functions thereof. 

Especially in the semiconductor apparatus for 
fingerprint recognition of the present invention, when a 
finger which is electrostatically charged is brought 
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closer to the fingerprint -recognizing surface, by virtue 
of having the above unique structure, the static 
electricity is not discharged into the electrode but into 
the static -electricity drawing wiring and then drawn out 
of the semiconductor apparatus, so that the semiconductor 
devices, the circuits and the like which are connected to 
the electrode can be prevented from suffering a damage 
due to the static electricity and from losing the 
functions thereof . 
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